We have measured the partial widths for the three reactions e +e~^Z 0-i-e+e_ ,
Introduction
Purely leptonic reactions have been used exten sively to study electroweak effects and to test the standard model [1] , Reactions involving leptonic channels can be calculated precisely in higher order perturbation theory, and experimentally leptons can be clearly identified and measured with high preci sion. Thus, the measurement of the partial width for the reaction Z i s an important test of the standard model. In this paper we present a new mea surement of the cross section and our first measure ment of the angular distribution of the process e+e -->e+e " (y) at energies near the Z° pole with a four-fold increase in statistics over our earlier mea surements [ 2 ] . Also, we present a new measurement o f t h e e + e --» T + T "
cross s e c t i o n . Our r e s u l t s con cerning the cross section and asymmetry for the re action e+e" (y) have already been published [3] . We use our measurements to determine the vector and axial vector couplings of the Z°, gv and gA, to charged leptons, the effective weak mixing angle sin2^ and the neutral current coupling strength pa rameter /?. 
Detector and data collection
The L3 detector is described in detail elsewhere [4] . It consists of a central tracking chamber, a BGO electromagnetic calorimeter, a plastic scintillator hodoscope, a uranium and brass proportional chamber hadron calorimeter, and a high precision muon spec trometer inside a 0.5 T solenoidal magnet. Forward BGO arrays on either side of the detector, measure the luminosity by detecting small angle Bhabha events.
The e+e _ (y) and |i+n _ (y) data samples consist of 3.2 pb" 1 of data collected during the periods October-December 1989 and March-June 1990. The 1989 data have been published [2 ] . We describe in thispaperthe analysis of the 1990e+e~(y ) data. The T+x-(y) data sample consists of the 2.2 pb" 1 col lected during March-June 1990.
Events of the type e +e~-» e+e~ (y) are detected in the BGO barrel calorimeter. The primary trigger is a total energy requirement of at least 12 GeV. From the comparison of data from redundant triggers the total efficiency is determined to be larger than 0.998.
The e+e~->T+T~ (y) events are triggered by three independent triggers: ( 1 ) the energy trigger, which requires at least 12 GeV in the electromagnetic calo rimeter or at least 15 GeV total energy in the hadronic and electromagnetic calorimeters; (2) the track trigger, which requires at least two tracks in the cen tral tracking chamber; (3 ) the muon trigger, for events containing a muon, which requires at least one track in the muon chambers and one scintillator hit. We find the combined trigger efficiency for events satisfying the selection criteria described below to be more than 0.999.
e+e event selection
The selection of Z°->e+e" (y ) events is based on information from the electromagnetic calorimeter. The selection criteria are as follows:
( 1 ) The number of BGO shower peaks is required to be less than 12.
(2) The energy of the most energetic electron can didate is required to be greater than 0.45^/$ and less than 0.55^/s.
(3) The energy of the second most energetic elec tron candidate is required to be at least 2 GeV.
The acollinearity angle ( 180° minus the angle between the two electrons) must be less than 25°. Only the information from the BGO calorimeter (which covers the angular range 42.3° to 137.7° ) is used for the event selection.
To determine the acceptance, e +e _ ->e+e~(y ) events were generated using a Monte Carlo program [ 5 ] . The response of the L3 detector for these events is simulated with a program [6] which includes en ergy loss, multiple scattering, and electromagnetic and nuclear interactions in detector components. The simulated events are reconstructed using the same analysis chain as for real data.
Applying these selection criteria to a sample of 13 287 simulated events generated by the Monte Carlo program [5] for which both the e+ and e_ are con tained within the angular acceptance of the BGO bar rel, we calculate an efficiency of 0,952±0.002 (sta tistical error only). The efficiency is independent o f
Ss-
We correct the number of detected e +e~ (y) can didates for backgrounds (yy and xx) and efficiency. The yy background is estimated using Monte Carlo simulation [ 7 ] for each ^/s bin. This background falls as 1 /s and has a cross section of 18 pb at the Z° peak for the angular range covered by the electromagnetic calorimeter. The xx background is estimated to be (0.6 ±0.1 )% at the Z° peak using Monte Carlo sim ulation [ 8 ] . By varying the cuts on energy and acol linearity, as well as reducing the fiducial volume, we estimate the uncertainty of the Monte Carlo effi ciency tobe 0.7%.
Higher order radiative corrections account for sig nificant deviations from first order predictions in the region of the Z° pole. For example the charge asym metry at ^/s^M z + 3 GeV is reduced by~50% due to hard, initial and final state, photon bremsstrahlung. Thus, a good understanding of photon radia tion is essential for precise measurements of electroweak parameters.
We have studied these radiative processes directly using e +e~y events. 
t+t~ event selection
The selection of e +e (y ) events is based on cos $ ye information from the electromagnetic and hadronic calorimeters, the muon chambers, the scintillation counters and the central tracking chamber. The selec tion criteria are as follows:
( 1 ) The energy deposited in the electromagnetic calorimeter has to be greater than 2 GeV and less than 60 GeV, in order to remove e+e"->ji+ji~ and e+e " ->e+e~(y ) events.
( 2 ) The event has to be well contained in the elec tromagnetic calorimeter region: the polar angle 6 of the event thrust axis has to satisfy | cos Ô| <0.7.
(3) The hadronic events are removed from the sample by requiring the following:
(a) The number of shower peaks in the electro magnetic calorimeter to be less than 13.
(b) The number of charged tracks in the central tracking chamber to be less than 9.
(4) The acollinearity angle between the two high est energy clusters has to be less than 14°, in order to remove e +e " ->e+e-y and e+e~->p.+|i-y events.
( 5 ) Cosmic rays are removed by requiring that the event has at least one scintillator hit within 6.0 ns rel ative to the beam crossing. For events containing an isolated electron, we apply an extra criterion: (6) The energy of the electron, deposited in the electromagnetic calorimeter, has to be less than 40 GeV, thus further removing e +e~->e+e" (y) events. For events containing an isolated muon, we apply the following extra criteria, to reduce the remaining background from e+e""-^(i+|i_ (y) and cosmic rays:
(7 ) The event should not have more than one iso lated muon* ( 8 ) The muon momentum has to be less than 40 GeV.
(9) The muon has to satisfy a momentum-depen dent vertex cut. Criterion (7) rejects most events of the type e+e " ->T+T" ->|j.+|i-v^vM vxvT , but it also reduces the background from e+e~->[i+\i~ (y).
To determine the acceptance, e+e"-n:+i:-(y) events were generated using a Monte Carlo program [ 8 ] . The efficiency, including the geometrical accep tance, is 0.467±0.005 (statistical error only). By varying the cuts, we estimate the systematic uncer tainty in the event selection to be 2.8%.
We correct the number of selected t+t~ (y) candi dates for acceptance and background. For estimating 1 November 1990 the background from e +e " ->e+e", e + e " ->|x+ |Li" and e +e _ ->qq we also use Monte Carlo events. The background from these channels is found to be ( 1.7 ± 0.2) % of the t +t " sample. By scanning the selected events, we estimate our cosmic ray background to be (0.6± 0.4)% . The yy background (e.g. e+e~-> e +e-T+T*-, e +e~->e+e-e +e -, ...) is negligible.
Adding all systematic errors in quadrature, we find a total systematic error of 3.3% (including the uncer tainty in the luminosity). Further cuts are applied to the data in order to re ject events containing hard photons (of energy /c>/cmax) emitted at large angles (£ > £ max) with re spect to the direction of the electrons (or positrons), since these events are not accounted for by the fitting function. Events with hard acollinear photons in the beam pipe are rejected by an acollinearity cut <dmax on the final state e +e -. Choosing zlmax effectively sets the /cmax used. The choice of Jmax and zfmax has to be done bearing in mind that high values of these cuts make the formula less precise while low values make the measurement sensitive to finite resolution of the de tector. After a study of the performance of our calo rimeter, we chose Jmax= 5°, and J max= 5°, corre sponding to /cmax = 3.7 GeV. The cut on the acollinearity angle removes a large fraction of events with an undetected radiated photon. From Monte Carlo simulation [5] the ratio between the number of reconstructed events passing all these cuts and the number of events generated within Jmax and kmax is estimated to be 0.968 ± 0.007. This includes the cor rection we apply for the number of events which should be rejected because the photon both has an energy greater than km S L X and is separated by more than 5° degrees from the e*, but which are retained be cause the photon is outside of our acceptance and A is less than 5°.
Using these measurements and the measurements from 1989 [2], we fit Mz and Tz using the program described above [9] . We obtain M z -91.06±0.05 GeV and Jrz = 2.36± 0.17 GeV, in agreement with our measurements derived from the hadronic channel [12,13] *2, Af2 = 91.164±0.033 GeV and r z =2.494 ±0.025 GeV.
In order to fit r ec) Mz and r z were set to the values based on our hadron data. In this way we determine r cc= 84.3 ±1.3 MeV, where the statistical error in cludes the error on the determination of r z and M z . The X2 of the fit minimization was 7.6 for 9 degrees of freedom. In our previous analysis [2] we also evaluated r w subtracting the contribution of the t channel and in terference terms. Repeating the same analysis with the new data, using the point v/ s = 9 1.22 GeV, we get
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To determine the partial width for e +e " (y ), we constrain the mass and width of the Z° to the val ues obtained from the hadron data. We obtain a fit with ^2 = 4.9 for 6 degrees of freedom. We find When comparing experimental data to theory, the presence of radiative corrections necessitates the use of a more complete description of the process, like the one found in ref. [ 9 ] .
In order to measure the angular distribution der/
